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Glycosuria Controllable Only by Fatal Undernutrition, Because of Severity 
of Diabetes. 
Dog B2-2g.--Male; mongrel; black and white; age 1 year; slightly thin; weight 
lI kilos.  Dec. 18,  1913.  Removal of pancreatic tissue weighing 32 gin.  Rem- 
nant about main duct estimated at 2 gin.  (i~r).  Glycosuria of 0.55 per cent fol- 
lowed the operation, but diminished, and by Dec. 23 was absent.  Continneci at- 
tempts were then made to nourish the animal with low protein-fat diets, often 
subdivided into several meals during the day, but traces of glycosuria recurred 
each  time,  requiring further  fasting and undemutrition.  Feb. 24,  1914.  The 
dog was at the point of death from undemutrition; weight 6.8 kilos; killed for 
autopsy. 
Autopsy.--The pancreas remnant, not obviously sclerosed,  weighed 1.2 gin. 
Microscopic Examination.--Portions of the  remnant showed interacinar pan- 
creatitis,  other portions normal paxenchyma.  The islands  generally were few 
and small but not to the extent of a positively pathological reduction.  Appear- 
antes of vaeuolation were rare and doubtful, but search through many sections 
revealed a very few' distinct examples. 
Dog B2-29.--Male; mongrel; w~te; age 1½ years; good condition; weight 10.6 
kilos.  Dec. 22,  1913.  Removal of pancreatic tissue weighing  27.7 gin.  Rem- 
nant about main duct estimated at 2.4 gin.  (~r-i~).  Only faint glycosuria fol- 
lowed the  operation.  The subsequent  undernutrition  was more rigid  than  in 
Dog B2-28, in the sense that no more than a  trace of glycosuria on a single day 
was permitted at any time.  The same inability to develop a  tolerance for any 
living diet was encountered, and by Apr. 7, 1914 the weight had declined to 5.9 
kilos.  On that day the dog was killed. 
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Autopsy.--The pancreas remnant,  somewhat nodular  and  atrophic,  weighed 
1.65 gin.  The liver appeared fatty, presumably from the high proportions of fat 
in the diet.  The autopsy was otherwise negative except for emaciation. 
Microscopic Examination.--There was  moderate  fatty  infiltration  in  the 
liver; no noteworthy changes in  the spleen,  kidneys, adrenals,  testes,  thyroid, 
parathyroids, and hypophysis.  The pancreatic parenchyma mostly showed inter- 
acinar fibrosis, in the form of light bands traversing it irregularly and often distort- 
ing acini.  The fibrosis  was presumably the result of damage from an acute in- 
flamrnation  following  operation;  there  were  no  signs  of  recent  or  progressive 
changes.  Islands were scarce and small to a markedly pathological degree.  In 
some considerable areas free from fibrosis there was this same scarcity of islands, 
and the sections were made up of almost unbroken expanses of acinl.  No vac- 
uolation was visible. 
The pancreas remnants in these animals were small, and there was 
apparently further destruction of islands by inflammation.  Diabetes 
was more or less completely suppressed by fasting and undernutrition, 
but as neither dog became able to tolerate  a diet sufficient to support 
life, they both died in a little over 2 months of inanition.  Very slight 
hydropic  changes  were demonstrable  in  the  islands  in  the  first dog, 
which  had  shown frequent traces of glycosuria, but  none were found 
in  the  second  dog,  in  which  g~ycosuria  had  been  more rigorously 
controlled.  These examples are comparable with a  few human  cases 
of great severity, especially when the treatment consists in continual 
attempts to push  the diet to the limit of tolerance. 
Originally  Mild Diabetes; Death from the Undernutrition  Made Neces- 
sary by Prolonged Slight Overfeeding. 
Dog B2-71.--Female;  mongrel; yellow; age 3 years; good condition; weight 14.7 
kilos.  June 3,  1914.  Removal of pancreatic tissue weighing  19.2 gm.  Rem- 
nant about main duct estimated at 2.25 gin.  ({).  No glycosuria ensued on meat 
diet.  On change to bread and soup, there was the usual single day of glycosuria, 
thereafter none.  The following tolerance tests were performed while the animal 
was at a fairly constant weight of 13 to 13.5 kilos,  no food being given on the 
test days. 
June 26.  Subcutaneous injection of 42 gin.  of Merck anhydrous glucose in 
30 per cent solution (3 gin. per kilo on basis of normal weight of 14 kilos).  No 
glycosuria.  July 8.  Subcutaneous injection of 56 gm. of Merck glucose  in 30 
per cent solution  (4 gin.  per kilo on basis of 14 kilo weight).  No glycosuria. 
July 17.  Subcutaneous injection of 84 gm. of Merck glucose  in 30 per cent solu- 
tion (6 gin. per kilo on basis of 14 kilo weight).  Glycosuria 0.3per cent in 10 ce. FB-EDERICK M.  ALLEN  589 
of urine; thereafter negative.  July 30.  56 gm. of Merck glucose in 30 per cent 
solution given by stomach tube (4 gin. per kilo on basis of 14 kilo weight).  No 
glycosuria.  Aug. 12.  84 gin. of Merck glucose in 30 per cent solution given b3r 
stomach tube (6 gin. per kilo on basis of 14 kilo weight).  3 hours after dose, mod- 
erate sugar reaction in 1 cc. of urine from bladder; next morning trace in 420 cc. 
The subsequent record is contained in Table I. 
TABLE  I. 
Dog B2-71. 
Date.  Body weight.  Diet.  Remarks. 
1914 
Aug. 21-23 
"  24-26 
"  27- 
Sept. 26 
Sept. 27- 
Oct. 27 
Oct. 28- 
Nov. 7 
Nov. 8-- 
Jan. 2, 1915 
1915 
Jan.  3-6 
u  7- 
Mar. 28 
Mar. 29- 
July 2 
July 3- 
Aug. 3 
]gg. 
13.8 
13.9 
14-11 
11-12 
12.1-11.8 
11.8-13.8 
13.8-13.1 
13.5-12.6 
12.6--10.8 
10.8--12.5 
Bread  and soup with 
100 gin.  of  glucose 
daffy. 
Bread  and soup  with 
200  gm.  of  glucose 
daily. 
Bread  and soup  with 
300  gm.  of  glucose 
daily. 
Bread and soup ad lib- 
itum. 
Bread  and soup  first 
with  50,  then with 
100  gm.  of glucose 
daily. 
Bread  and soup with 
a  little  meat  and 
suet daily. 
Fasting. 
Beef lung ad libitum. 
1  kilo  of  beef  lung 
daffy. 
Beef  lung ad  libitum 
with 50 gm. of suet 
daffy. 
No glycosuria. 
Glycosuria varying from heavy to 
negative; generally slight.  Diar- 
rhea;  decline  of  weight  and 
strength. 
Occasional traces of glycosuria, gov- 
erned  by variations  of appetite, 
increasing with the slight gain in 
weight. 
Heavy  glycosuria,  diminishing  as 
appetite failed. 
D 
Glycosuria absent at first, then ir- 
regular traces, becoming heavy at 
end with gain in weight. 
Glycosuriaabsent. 
No  glycosuria  except on  days  of 
carbohydrate feeding, as recorded 
in Paper 2,* which showed toler- 
ance  between  100  and  200 gin. 
of bread or rice. 
No  glycosuria except in occasional 
experiments, which showed that 
tolerance was less than 50 gin. of 
bread. 
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The dog was then used for experiments  unrelated to the present subject.  Prior 
to death on Nov. 24, 1915, glycosuria  was beginning to appear on a carbohydrate- 
free diet of beef lung and suet. 
Aulopsy.--The important feature of the autopsy was the pancreas remnant, 
which weighed  4.1 gm. 
Microscopic Exami~tion.--The  islands were unusually large and numerous, 
and contained a slight sprinkling of maximally vacuolated cells, evidently related 
to the overfeeding  preceding death. 
The record represents downward progress during approximately a 
year and a  half of life after operation.  The animal was never sub- 
jected to any heavy continuous glycosuria.  Certain fluctuations of 
tolerance were related to changes of weight, as noted in Table I, but 
there was no obesity and the weight remained always below the origi- 
nal normal level.  The dog was merely kept fed as close as possible 
to the limit of tolerance, up to January, 1915, on bread, thereafter on 
meat, and tests or experiments were frequently interpolated producing 
slight  or  transitory  glycosuria.  Slow  decline  of  assimilation  thus 
occurred notwithstanding hypertrophy of the pancreas remnant and 
its richness in islands. 
This finding, together with a number of animal and human obser- 
vations, suggests a functional injury or defect in the islands when their 
number and size seem sufl~dent to prevent diabetes.  The degree of 
vacuolation as usual corresponded to the glycosuria. 
The chief point in the experiment is its close imitation of human 
cases in which the diet is forced to the verge of tolerance and the 
patient  commits  occasional  indiscretions  causing  transitory  glyco- 
suria.  The familiar downward progress of such cases is accurately 
reproduced. 
Dog B2-31  (Fig.  4).--Female; bull-terrier; white;age 2 years; good condition; 
weight 11 kilos.  Dec.  23, 1913.  Removal  of pancreatic tissue weighing 19 gin. 
Remnant about main duct estimated at 2.6 gin. (9- ]).  The dog was able to 
live on bread and soup with only slight intermittent  glycosuria.  Her gluttony 
and fondness for sugar made diabetes possible, as described in Paper 2.  t 
Mar. 8, 1914.  Fasting was begun. Mar. 12.  Glycosuria  was absent.  Never- 
theless, the fast was continued through Mar. 16.  Mar. 17.  The body weight 
was 8 kilos, and very low weighed diets were begun, generally50 gin. of lung and 
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50 gm. of suet, reducing the  weight to 7.4 kilos on Mar.  25.  These diets also 
were given in the form of meals spaced as far apart as possible, in  the  hope of 
better utilization from the standpoint of diabetes and also of the protein economy 
in the sense of Thomas,  ~ though no plain evidence of the benefit of such a course 
was ever seen.  Beginning Apr. 2, the daily ration was increased to three meals 
of 30 gm. of lung and 30 gin. of suet each.  By Apr. 24 the weight had risen to 
9.3 kilos, and the diet was increased to 40 gin. of lung and 40 gm. of suet thrice 
daily. 
Apr. 27, 4 p.m.  A tolerance test was performed by subcutaneous injection of 
11 gm. of Merck anhydrous dextrose (1 gm. per kilo on the basis of the normal 
weight of 11 kilos) in 30 per cent solution.  10 p.m.  Urine by catheter was 128 
cc. with 0.9 per cent glucose.  Apr. 28, a.m.  Urine by catheter was 388 cc. with 
0.4 per cent glucose; i.e.,  an  excretion of 2.7 gm. and utilizatiou of 8.3 .gm. of 
the dose. 
Glycosuria was then absent till May 1, when the body weight was 9,9 kilos. 
It was continuous for 3  days, May 1 to 3, but not above 0.4 per cent.  After 
fast days on May 3  and 4, the same diet was resumed, with glycosuria absent 
except as follows: May  7,  0.2 per cent,  stopped by a  fast day; May 17, 0.3 per 
cent, stopped likewise; May 24, 0.5 per cent, stopped by 2 fast days.  After this 
the diet was reduced to 20 gin. of lung and 30 gm. of suet thrice daily.  Never- 
theless, on May 30, at a body weight of 9.75 kilos, there was a return of 0.17 per 
cent glycosuria.  Though this ceased within 24 hours, the fast was continued for 
5 days. 
Thereafter, on a diet  of 30 gin.  of lung and 30 gin.  of suet thrice  daily,  there 
was a gradual gain of weight up to 10.8  kilos  on July 3, when  there  appeared 
glycosuria  of 0.46  per cent in 600 cc of urine,  increasing  to 0.97 per cent in 835 
cc. of  urine on July 4. 
Fasting was imposed till  July 7, when the weight was 10.3 kilos. Thereafter 
I00 gin.  of lung were fed daily.  Though the weight fell  slightly  on this  lower 
caloric  diet,  there  was continuous slight  glycosuria  on  July 11 to  13,  not above 0.66 
per cent.  The diet  was then changed to 100 gin.  of fresh  beef pancreas  daily, 
and the same glycosuria (not  above 0.7 per cent) continued till  July 20, again 
illustrating the uselessness of pancreas feeding. 
After a  4day fast, the weight was down to 9.3 kilos on July 24, and the diet 
o~ 100  gin. of raw pancreas was resumed, together with 30 gin.  of bone-meal, 
which was commonly used for Such experiments, as previously stated.  In addi- 
tion to the usual purpose of preventing diarrhea and supplying salts to the body, 
the bone-meal might perhaps serve in this connection to neutralize gastric juice. 
July 28.  There began an excretion of 1.5 per cent glucose in 425 cc. of urine, 
increasing to 4 per cent in 360 cc. of urine the next day.  Fasting then stopped 
the glycosuria in 2 days, but was continued to Aug. 4, when the weight was 8.5 
kilos.  The diet of I00 gin. of pancreas was then resumed, with resultant glyco- 
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surla of 0.2 to 0.4 per cent on Aug. 6 to 8.  Fasting was then instituted for 4 days. 
As it seemed evident that the rigorous undernutrition  was beginning to be effec- 
tive in diminishing glycosuria, a change was made to lung diet, to guard against 
ascribing any benefit incorrectly to the pancreas feeding.  Accordingly, begin- 
ning Aug. 11, 100 gm. of lung were fed daily, with absence of glycosuria except 
for a  trace on 1 day.  The weight at this time was 8.15 kilos. 
Aug. 18.  Bread and soup were given by mistake, with resultant glycosurla of 
6.6 per cent in 1,275 cc. of urine.  Fasting till Aug. 25 was necessary before gly- 
cosuria ceased.  Thereafter on a diet of 20 gm. of lung and 20 gm. of suet thrice 
daily, glycosuria was absent except for a trace on 1 day. 
Sept. 11.  As the dog had tired of fat, the diet was changed to 50 gm. of lung 
thrice daily.  Sept.  13.  Glycosuria of 1 per cent appeared,  the  higher protein 
as usual having a greater immediate effect  than the higher calories.  Sugar ex- 
cretion was  continuous on this diet, and by Sept. 26 had risen to  6 per  cent. 
Accordingly, fasting was begun on Sept.  27; glycosuria was absent on Oct.  4; 
nothing more than 60 gm. of suet was given daily till Oct. 9, when a diet of 50 
gm. of lung and 50 gm. of suet was begun, and increased on Oct. 16 to 80 gm. 'of 
lung and 80 gm. of suet.  The weight was then 6.7 kilos. 
Slight glycosuria, not above 0.5  per  cent, occurred on Oct.  22,  23, 28,  29, 
30,  and Nov. 6.  Suet was then omitted, but similar sporadic traces continued 
till Nov. 23, when 2 fast days were imposed, followed by a diet of 50 gm. of lung 
and 30 gm. of suet.  The weight rose slightly, to 6.9 kilos on Dec. 9, on which 
day glycosuria of 0.6 per cent appeared. 
With 2  days of fasting, the urine was sugar-free on Dec.  11.  Dec.  12.  A 
diet of 50 grn. of lung was begun, with the addition of 30 gm. of suet after Dec. 
18.  About this time the previously lively animal began to fail seriously.  The 
digestion began to be impaired, as usual in cachexia, and by Dec. 31 the weight 
was down to 5.8 kilos.  The diet was changed to 50 gin. of raw pancreas and 30 
gm. of suet, in the hope of improving digestion, but the pancreas was of no avail 
even for  this purpose.  Liberal feeding with pancreas and fat  was  attempted 
on Jan. 2 and 3,  1915; the result was a glycosurla of 1 per cent on Jan. 4, while 
the weight had fallen to 5.3 kilos.  The dog was chloroformed. 
Autopsy.--The urine in the bladder was 13 cc.,  containing 0.53 per cent glu- 
cose,  a  trace of albumin, and no acetone.  Except  for  emaciation and corre- 
sponding atrophy of viscera, the autopsy was negative as usual.  The weights 
of the principal organs were as follows: liver 101  gm.; both kidneys 48.8  gm.; 
both adrenals 2  gm.; pancreas remnant 3.8  gm.  The pancreas remnant was 
soft, lobulated, and in places semitranslucent. 
Microscopic Examinatlon.--The  liver  showed  a  considerable  sprinkling of 
glycogen granules by Best's carmine stain; these were  located in the  periphery 
of the lobules, the centers containing none; fat was scanty.  The acinar tissue 
of  the  pancreas  was  normal.  Islands were  remarkable for  both  fewness and 
smallness.  Their  cells  were  normal  in  appearance  and  no  vacuolation was 
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Notwithstanding the extreme emaciation and prostration, glycosurla 
evidently continued till death.  The point is mentioned because dogs 
of this type herein correspond to the rule for human cases.  In some 
totally  depancreatized  dogs  authors  have  reported  cessation  of 
glycosuria before death. 
In spite of the severity of diabetes thus indicated, no sign of hy- 
dropic degeneration was visible in the islands of Langerhans.  Study 
of a sufficient series of animals gives a simple explanation.  The over- 
stimulation  causing  such  visible  degeneration  is  intense  and  the 
cellular disintegration rather  rapid.  The diabetes in  this dog had 
been largely controlled by diet.  Life had continued for more than a 
year,  and an  active hydropic process must have destroyed all  the 
islands before this time.  The milder degree of overstimulation and 
longer clinical course should naturally give "rise to  a  slower island 
destruction, in the form of occasional loss of cells, which would seldom 
be demonstrable microscopically.  This supposition, which in animals 
can be fully verified by observations of all types, degrees, and stages 
of the process, serves to explain the similar findings in human cases. 
The principal reason for the detailed record given is to show  the 
exact  similarity to  the clinical course of many human cases.  The 
animal started with mild diabetes; in fact, the large size of the pan- 
creas  remnant  and  the  subsequent  hypertrophy  would  probably 
have permitted a  cure had opportunity been given..  Gluttony and 
carbohydrate excess made the diabetes severe.  A  familiar plan of 
treatment  was  then  employed,  in  the  form  of  a  protein-fat  diet 
pushed to the point of maintaining the highest possible weight and 
strength.  There  was  the  usual  onset  of  glycosuria  with  gain  in 
weight, the necessity for repeated fasting periods, and the gradual 
decline of tolerance, weight, and strength.  This occurred without any 
breaking  of  diet  on  the  part  of  the  subject.  The  two  principal 
features of cases under such management are thus illustrated; first, 
life and strength are preserved much longer than when active diabetic 
symptoms are allowed to continue; second, the alleged "spontaneous" 
downward progress  of human patients  occurs  in  typical  slow  but 
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Glycosurla  Uncontrollable after Protein Overfeeding. 
Dog B2-56.--The record of this animal was given in Paper 3  s as an example 
of downward progress on excessive  protein diet.  The attempt  to control the 
condition  by fasting beginning May 14, 1914, gave results  shown in  Table II. 
The cachexia was unusually rapid in progress, and even before the 
fast the dog had lost considerable hair and was developing ulcers  at 
points of bony pressure, especially over the ischiatic tuberosities and 
TABLE  II. 
Dog B2-56. 
Date. 
1#14 
May 14 
"  15 
"  16 
"  17 
"  18 
"  19 
"  20 
"  21 
"  23 
"  24 
"  25 
"  26 
"  27 
"  28 
UHne.  * 
/olume.  Glucose. 
c¢.  per cent 
84O  1.7 
490  3.0 
530  3.5 
415  1.6 
450  1.0 
360  1.5 
267  1.4 
397  1.5 
430  1.3 
535  2.4 
i 
1,000  0.7 
1,150  0.8 
690  0.6 
Remarks. 
Weight 13.5 kilos.  Fasting. 
Fasting. 
4g 
Weight 9.9 kilos.  Diet of meat ad libitum begun because 
of dangerous weakness. 
Diet of meat ad libitum. 
Weight 9.7 kilos.  Mogbund.  Killed  for autopsy. 
the joints of the limbs.  These were foul and spreading in character, 
without  tendency  to  heal.  The  one  at  the  right  elbow  perforated 
into the joint and was probably the origin of the large axillary abscess 
of creamy pus found at autopsy.  It is unknown why a  few partially 
depancreatized  dogs  show  cachexia  and  susceptibility  to  infection 
almost  like  totally  depancreatized  animals.  The  "gangrene"  and 
lowered  resistance  of  human  patients  are  fully  reproduced  in  such 
animals.  Also in occasional human cases the diabetes is evidently too 
severe to be controlled by fasting. 
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Glycosuria from Prolonged Protein-Fat Overfeeding, Checked at First by 
Short Fasting, Later Uncontrollable. 
Dog B2-57.--Female; mongrel; yellow; age 5 years; good condition.  May 4, 
1914.  Received  at  normal  weight  of  11  kilos.  After reduction  of weight  to 
8.65  kilos by fasting,  on  May  21  partial  panc'reatectomywas performed;  19.6 
gm. of tissue removed, and remnant left estimated at 3 gin.  The dog was used 
to test  the  effects of fat feeding and  obesity.  The first  continuous glycosuria 
began Dec. 24, at a weight of 16.3 kilos.  This persisted till stopped by fasting, 
Jan. 4 to 6.  The record for 1915 is given in Table III. 
Dog B2-30.--Female; mongrel; yellow; age  1½ years; good condition; weight 
10  kilos.  Dec.  22,  1913.  Removal  of  pancreatic  tissue  weighing  19.5  gin. 
Remnant  about main duct estimated  at  2.5  gin.  Glycosuria was absent  after 
operation till milk was fed on Dec. 26.  It then remained heavy (up to 3.3 per 
cent) on bread and soup diet till Jan.  1, 1914,  after which a  large (unweighed) 
admixture  of glucose was  required  to produce glycosuria.  The  dog gradually 
reached the point of refusing the mixture  absolutely;  therefore on Jan.  17 the 
diet was changed to chopped meat mixed with lactose, which was eaten abun- 
dantly and maintained  glycosuria as high as 5 per cent.  After Jan.  22 heavy 
glycosuria continued on a diet of meat only.  Feb. 2.  Fasting was begun in tho 
attempt to stop glycosuria (Table IV). 
Blood Transfusion.uFeb. 20.  Transfusion  was undertaken  partly in an  at- 
tempt  to increase  strength and partly to determine  whether,  when everything 
possible was done by fasting, there might be any transfer of pancreatic hormone 
in the blood sufficient to check the diabetes.  4.30 p.m.  Urine under the cage 
was 25 cc., containing glucose 4.8 per cent.  When all was ready for transfusion, 
catheterization yielded 2 co. of urine, with glucose 6.2 per cent.  A large needle 
was then inserted into an external jugular vein, and by the use of vaseline-coated 
syringes without  anticoagulants  blood was  drawn  from a  normal  dog and  in- 
jected into this dog to the mount of 350 co. by 5.30 p.m.  At this time the dog 
showed collapse, passed urine and feces, and seemed on the point of death, from 
toxic action of the infused blood or simple overfilling of the circulation.  The 
transfusion was therefore ended, and the emptiness of the bladder verified with 
the catheter.  The total urine for the  transfusion period was 3  cc., containing 
6.4 per cent glucose.  6.15 p.m.  The urine obtained by catheter was 4 cc., con- 
taining 3 per cent glucose  and  slight albumin.  The dog drank  thirstily.  8.30 
p.m.  The urine by catheter was 19 cc., with a  faint trace of albumin  and  1.7 
per  cent  sugar.  2.30  a.m.  The  urine  by  catheter was  26  cc. with  2.5 per 
cent glucose and the same faint albumin.  The mere traces of glycosuria on the 
succeeding days, as shown in Table  IV, may appear striking,  but  the writer is 
inclined to interpret  them as accidents of renal permeability rather than benefit 
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TABLE  III. 
Dog  Bg-57. 
Urine. 
Date.  Body  Diet.  weight.  ' 
1915  kg. 
Jan.  1  16.3  100 gin. of lard and  1,000  gin. of beef lung, 
the latter not all eaten. 
"  2  100 gm. of lard and 1,000  gm. of beef lung, 
the latter not all eaten. 
"  3  Most of food uneaten. 
"  4  Fasting. 
"  5  15.4  " 
~#  6  C# 
"  7  14.8  " 
"  8  14.5  " 
"  9  14.3  100 gin. of lung. 
"  10  200  "  "  " 
"  11  14.0  300  "  "  " 
"  12  14.13  400  "  "  " 
"  13  13.73  500  "  "  " 
"  14  13.55  500  "  "  " 
"  15  13.60  600  "  "  " 
"  16  13.75  700  "  "  " 
"  17  Fasting. 
"  18  13.30  " 
"  19  13.20  500 gm. of lung. 
"  20  13.05  500  "  "  " 
"  21  12.86  Fasting. 
"  22  12.60  " 
"  23  12.45  400  gin. of lung. 
"  24  400  "  "  "  30gin. of suet. 
"  25  12.40  Fasting. 
"  26  12.18  " 
"  27  12.06  " 
"  28  11.90  " 
"  29  11.75  100 gm. of lung. 
"  30  11.75  150  "  "  " 
"  31  Fasting. 
Feb.  1  11.30  " 
"  2  11.15  " 
"  3  11.10  " 
"  4  10.85  " 
"  5  10.68  " 
"  6  10.61  " 
Volume.  Glucose. 
or.  per cen~ 
650  1.5 
880  4.2 
890  1.6 
180  0.7 
339  0.22 
261  0 
113  0 
56  0 
196  0 
194  0 
231  Doubtful 
280  0 
203  0 
186  0.18 
239  1.37 
107  1.33 
81  0 
65  0 
119  0.7 
369  0.23 
165  Doubtful 
154  0 
250  0.20 
386  2.50 
14  0.90 
99  0.60 
95  Very 
falnl 
5O  0 
170  0 
350  2.80 
273  2.00 
142  1.50 
211  0.80 
195  1.00 
185  0:70 
81  0.60 
89  2.00 
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Date. 
1915 
Feb.  8 
"  9 
"  10 
"  11 
"  12 
"  13 
"  14 
"  15 
"  16 
"  17 
"  18 
"  19 
"  20 
"  21 
"  22 
"  23 
"  24 
"  25 
"  26 
"  27 
Diet. 
le. 
Glucose. 
pet" ¢enl 
Fasting.  3.00 
"  2.78 
"  2.00 
"  2.00 
,t  1.20 
50 gin. of glidine.  3.03 
Fasting.  1140 
"  1.70 
"  2.50 
"  2.50 
40 gin. of extract of beef.  2.53 
Fasting.  1.33 
50 gin. of lard; 50 gin. of meat.  1.92 
50  "  "  "  50  "  "  "  1.41 
50  "  "  "  50  "  "  "  0.72 
50  "  "  "  50  "  "  "  0.30 
50  "  "  "  50  "  "  "  0.69 
50  "  "  "  50  "  "  "  0.72 
50  "  "  "  50  "  "  "  0.80 
50  "  "  "  100  "  "  "  0.90 
Subsequent  History  of  Dog  Bg-30.--After  Mar.  21,  the  dog  was  given  25 
gin. of lung and 25 gin. of suet two or three times daily; i.e.,  a diet of either 50 
or 75 gin. each of lung and suet.  Apr. 2.  At a body weight of 5.5 kilos, glycosuria 
of 2.7  per cent appeared, and was  stopped  only by  fasting  till Apr. 5.  The 
diets thereafter were lower than before, sometimes only 10 gin. of lung and 10 
gin. of suet thrice dally.  With advancing cachexia the digestion became poor; 
glycosurla was absent, but by Apr. 21 the weight had fallen to 4.3 kilos, and the 
animal could barely stand.  Accordingly, on that date it seemed necessary to 
give four meals of 40 gin. of lung each, without suet.  The result was an immediate 
giycosuria of 1.7 per cent in 140 cc. of urine.  Though the diet was increased to 
50 gm. of lung four times daily,  which was as much as the dog would take, giy- 
cosuria ceased  through failure of  digestion.  Apr.  24.  The animal was  at  the 
point of death and was chloroformed. 
Autopsy.--Performed  immediately.  Aside from the extreme emaciation and 
accompanying atrophy of  viscera,  the  autopsy was negative.  The  pancreas 
remnant, normal in appearance and consistency, weighed 3.9 gin. 
Microscopic  Exam~nat/on.--The acini were normal, uneven in the  degree of 
filling, but  mostly  containing abundant zymogen.  Island  tissue  was  scarce TABLE  IV. 
Dog  B2-30. 
Date. 
1914 
Feb.  2 
"  3 
~c  5 
,c  6 
"  7 
~c  8 
~  9 
"  10 
"  11 
"  12 
"  13 
"  14 
"  15 
"  16 
"  17 
"  18 
"  19 
"  20 
"  21 
"  22 
"  23 
"  24 
"  25 
"  26 
"  27 
"  28 
Mar.  I 
~c  2 
~  3 
~#  4 
#c  5 
a  7 
u  8 
u  9 
"  10 
"  11 
"  12 
"  13 
"  14 
"  15 
"  16 
"  17 
"  18 
"  19 
"  20 
Body  weight. 
kg. 
8.6 
8.1 
7.8 
7.8 
7.8 
7.5 
7.25 
7.15 
6.90 
6.80 
6.55 
6.50 
6.30 
6.20 
6.08 
6.40 
6.23 
6.02 
5.65 
5.60 
Glucose. 
gill, 
9.25 
1.25 
2.21 
3.42 
0.92 
1.48 
0.60 
4.45 
2.22 
0.06 
Faint. 
0.64 
1.02 
0.62 
2.83 
3.68 
Faint. 
4.13 
7.32 
2.82 
Faint. 
Nitrogen. 
gm. 
3.14 
3.11 
2.81 
2.69 
3.25 
2.67 
2.60 
1.93 
2.48 
3.40 
2.08 
1.80 
1.73 
2,44 
2.43 
2.63 
3.82 
4.99 
3.53 
3.41 
5.43 
5.45 
5.35 
5.20 
5.18 
5.20 
5.38 
5.28 
5.33 
Urine. 
5.28 
5.20 
5.15 
5.23 
5.23 
5.20 
5.20 
5.28 
5.30 
5.25 
5.28 
5.20 
5.20 
0  4.66 
0  3.30 
0  4.44 
0  3.01 
0  3.07 
0  2.42 
0  2.74 
0.90  3.14 
0.24  2.20 
2.28 
1.31 
1.98 
2.06 
1.54 
1.87 
1.97 
1.89 
1.97 
1.89 
2.11 
2.75 
2.20 
Very faint. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Dextrose-nltrogen 
ratio. 
1.09 
0.29 
0.53 
0.22 
1.37 
0.83 
0.49 
0.34 
1.63 
1.51 
1.08 
1.47 
0.$0 
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almost to the vanishing point.  Search revealed occasional tiny clumps of cells 
of island  character.  No Bensley stains  were made,  but  by  comparison with 
other animals in which such stains were made these surviving, non-vacuolated cells 
may be interpreted as alpha cells, in confirmation of the original observations by 
Homans.*  In rare instances such cell clumps contained one to three maximally 
vacuolated  cells, presumably  the  last  remains of degenerated  beta  cells.  As 
usual, the islands were not replaced by fibrosis; the tissue merely gave the impres- 
sion of unbroken expanses of acini. 
Starting  with  sugar-free  urine  on January  1  on  bread  and  soup 
diet,  this dog showed a  downward progress which was so rapid that 
within 1 month the pancreatic function had fallen too low to support 
life. 
The dextrose-nitrogen  ratio was never maximal  and was generally 
low.  It is known from the literature that even totally depancreatized 
dogs do not necessarily show the full 2.8 ratio during fasting.  Par- 
tially depancreatized dogs of the present type seldom or never show 
this full ratio during fasting,  yet the absence of  it  is  no  proof  that 
life can be maintained. 
The  occasional  temporary  cessation  of  glycosuria  in  this  animal 
during  fasting is not unusual  under  these circumstances  and is pre- 
sumably due to changes of renal permeability.  It is probable that the 
blood sugar remained high till about the time of death. 
Transfusion  of blood improved the  strength  slightly  and  perhaps 
altered  renal  permeability  temporarily,  but  had  no  positive  effect 
upon the diabetes.  In view of the similar result in a child, 5 it may be 
concluded that the effect of transfusion is negative. 
The  evidence of the  hopelessly low pancreatic  function  was  that 
with  the  lowest possible diets  and  body  weights,  lasting  freedom 
from glycosuria could not be achieved, so that the animal necessarily 
died from weakness. 
The  extreme  degree  of  exhaustion  and  disappearance  of  island 
tissue correspond to the lowered function as mentioned. 
4  Homans, J., J. Med. Research, 1914, xxx, 49; 1915, xxxiii, 1. 
Alien, F. M., Stillman, E., and Fitz, R., Total dietary regulation in the treat- 
ment  of  diabetes,  Monograph  of The  Rockefeller Institute  for  Medical  Re- 
search, No. 11, New York, 1919, Chapter III, Case 45, 361. 600  I~.X_PERIM-EN  TAL  DIABETES.  I 
Dog  B2-O1  (Figs.  2  and  3).--Part  of  the history of this animal was given in 
Paper 3.  The terminal period so closely resembles that of Dog B2-30 that  it 
can be summarized here  very briefly, particularly because it supplements the 
TABLE  V. 
Dog  BZ-O1. 
Date. 
1919 
Oct. 22 
"  23 
"  24 
"  25 
"  26 
"  27 
"  28 
"  29 
"  30 
"  31 
Nov.  1 
~c  2 
"  3 
"  4 
a  5 
~  6 
cc  7 
"  8 
c~  9 
"  10 
"  11 
"  12 
"  13 
"  14 
"  15 
Urh 
Glucose. 
l~r  c,  o1 i~ 
2.20 
Heavy. 
1.80 
Heavy. 
2.29 
Heavy. 
1.15 
0.95 
0.45 
Moderate. 
0.18 
Slight. 
Faint. 
0 
0 
0 
0 
0.80 
0.55 
0.25 
Slight. 
~g 
0.40 
Slight. 
Remarks. 
Weight  13.3 kilos. 
Fasting. 
Fasting. 
c¢ 
c~ 
c¢ 
Fed 50 gin. of tallow. 
"  100  "  "  " 
Refuses  fat.  Fed 
bones. 
Fed 100 gin. of beef. 
Fasting. 
C~ 
lC 
Other  by its blood sugar analyses, which were lacking in Dog B2-30.  Heavy 
sugar and acetone reactions being found present on the diet of lung and suet as 
stated,  e and the blood plasma on Oct.  16,  1919 showing  0.520  per  cent sugar 
and  a  slight  nitroprusside  reaction,  fasting was  begun on this  date  in  the 
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attempt  to  control the  diabetes,  though  with little  expectation of success. 
After Oct. 22, the seriousness  of the condition being confirmed by the stubborn 
persistence of glycosuria,  occasional  quantitative  analyses of sugar and nitrogen 
were performed (Table V).  Urine was voided without catheterization,  and the 
analyses apply to such daily  specimens, not to accurate 24 hour specimens. 
Nov. 15, p.m.  The dog  was dying.  An intraperitoneal  saline  injection  given 
after  taking blood at 8 p.m. failed  to benefit.  I0 p.m.  Animal  found  dead. 
The results  of  blood analyses are shown in Table VI. 
This animal was one of those in which the severity of diabetes is 
too great to be checked by fasting.  This condition is more common 
in experimental than in clinical  diabetes,  but is  by no means unknown 
in the latter.  The greater susceptibility  of  human patients to acidosis 
TABLE  VI. 
Dog B2--O1. 
Plasma 
Date.  Plasma sugar.  Blood urea per  Plasma chlorides  Plasma COs  nitroprusside 
I00 cc.  per I00 cc.  capacity,  reaction. 
1919 
Oct. 16 
"  22 
Nov.  $ 
"  14 
"  l$,lOa.m. 
8 p.m. 
0.520 
0.432 
0.322 
0.624 
0.872 
0.600 
mg. 
23.4 
26.0 
71.4 
38.6 
mg. 
550 
533 
562 
536 
~oI./,er  cent 
59.8 
56.6 
62.4 
59.4 
Moderate. 
Slight. 
Negative. 
Slight. 
Negative. 
is the probable reason wl~y, with hopelessly severe diabetes, they gen- 
eraUy die quickly in coma rather than in the prolonged cachexia which 
is characteristic of dogs.  It will be shown later  that under suitable 
conditions dogs also reach a state where they develop coma with either 
feeding or fasting. 
It is not known whether the D:N ratio in this animal was ever 
maximal.  The high ratio of 2.1  on November 8, in consequence of 
only a  single  feeding of 100  gin.  of beef, suggests that the full 2.8 
ratio might have been present on feeding; but  on the other hand, 
the unusual glycosuria on this date may have represented partly a 
mere sweeping out of retained sugar.  The most str~klug feature is 
the remarkably low sugar excretion and D:N ratios in a hopelessly 
severe case of diabetes.  Such submaximal ratios have been the rule 
in other dogs of this sort during fasting. 602  EXPERIMENTAL DIABETES.  I 
Renal impermeability, which is  a  familiar  phenomenon  in many 
human patients,  seemed to  be  largely responsible  for  the  low  and 
variable  glycosuria.  Absence  of  glycosuria, on  November 4  to  7, 
with plasma sugar as high as 0.322  per cent, was similar to what has 
been observed in several other animals under similar conditions, and 
could not be  interpreted as  indicating that the diabetes was under 
control.  It  may be  noted  that  this  impermeability existed  in  an 
animal without histological signs of nephritis at autopsy, and with 
no known cause of impaired renal function other than the diabetes. 
The  apparent  renal  impermeability did  not  include retention  of 
chlorides so far as indicated by the blood analyses.  The blood urea 
rose to a strikingly high figure on November 14, but fell before death 
in a  manner difficult to explain by simple retention.  The observa- 
tions concerning urea also closely reproduce the conditions found in 
certain human patients. 
Nitroprusside reactions were heavy in the urine and slight in the 
plasma on beginning fasting, and diminished during the fast, as usual 
in human patients.  This clearing of the acetone bodies was approxi- 
mately parallel with the decline of glycosuria.  These tests became 
negative during the period of freedom from glycosuria, and returned 
after glycosuria had been  restored by protein feeding.  They were 
negative preceding death,  as often happens in cachexia.  The prin- 
cipal point of these observations  is  that in this hopelessly diabetic 
animal  the  sugar,  whether  retained  from  renal  impermeability or 
any other  cause, seemed  somehow to be used  in  a  way to  prevent 
acetoacefic acid formation. 
Dog C3-56 (Fig. 9).--Female; mongrel; black and white; age 3 years; moder- 
ately well nourished; weight 15.3 kilos.  Jan.  27,  1916.  Received. Raised a 
litter of pups in laboratory.  July 13.  Removal  of pancreatic tissue weighing 
35  gin.  Remnant  about  main  duct  estimated  at  4.6  gin. (about  ~).  Gly- 
cosuria occurred on bread and soup feeding, but later required glucose for its 
continuance.  The tolerance was thus broken down so that by the middle of 
Aug. glycosuria  was present on a diet of 1 kilo of beef lung.  High fat diets were 
then given, for purposes and with results explained in detail in a previous pub- 
lication.  7  The table there shown carried the record up to Nov. 4.  The condi- 
tion then was one of persistent and stubborn hyperglycemia without glycosuria, 
7 Allen, F. M., Am. J. Med. Sc., 1917, cliii, 349, 364. FREDERICK  M. ALLEN  603 
such as excessive fat diets often produce in human patients.  The utmost effort 
was then made to save the animal by diets such as those used for human cases. 
The diet of 200 gin. of lung daily was continued to Nov. 18, with the purpose of 
sparing body protein and conser~ng strength as well as possible, while building 
up tolerance  by undernutrition.  On Nov. 18 the plasma sugar was still  0.208 
per cent, though the weight  had fallen  to 7.6 kilos, and the animal was weak. 
It was therefore deemed necessary to reduce the protein, and the diet was changed 
to 75 gin. of lung and 75 gin. of suet,  with the addition of one raw egg daily to 
contribute variety and supply any possible need for fat-soluble vitamine.  As the 
appetite failed, other forms of cooked and raw meat were substituted for variety 
in the same quantity.  By Dec. 3 all food was refused.  The urine remained free 
from sugar and acetone as it had been throughout this entire  period,  but the 
plasma sugar of the moribund animal was still  0.137 per cent and the carbon 
dioxide capacity 37.6 volumes per cent, with analyses for all three acetone bodies 
negative and all other signs of acidosis absent.  The dog then weighed 7.25 kilos 
in a condition  of extreme cachexia, with spreading  and perforating ulcers on the 
legs  suggestive  of diabetic  "gangrene."  The  animal  was  therefore  killed  for 
autopsy. 
Autopsy.--The  emaciated  cadaver contained  no visible  fat.  The liver  was 
small, not fatty, weighing 218 gin.  The kidneys,  pale and edematous  appearing, 
weighed  together  56.5 gra.  The  viscera  were  otherwise  negative  except  for 
atrophy.  The pancreas remnant, normal in appearance and consistency, weighed 
4.25 gin. 
Microscopic E.xam{nation.--The organs  were  negative  except  for  the  usual 
vacuolation of renal tubules  due to glycogen or fat.  The pancreas  remnant, free 
from fibrosis, consisted of almost unbroken expanses of small acini, some entirely 
empty but the majority containing zymogen.  Only the last remains of exhausted 
islands  were found,  in the form of small  clumps  of cells, sometimes  maximally 
vacuolated  (presumably  beta  cells), sometimes  non-vacuolated  (presumably 
alpha cells), sometimes a mixture of the two.  There was also vacuolation in the 
cells of some of the small  ducts,  as sometimes  found in this extreme  terminal 
stage of diabetes. 
The  experiment  illustrates  hyperglycemia  and  impairment  of 
assimilation brought on chiefly by fat feeding,  and  downward prog- 
ress  notwithstanding  absence  of  glycosuria.  Conditions  in  many 
human cases are thus closely imitated. 
The hydropic degeneration of islands with hyperglycemia without 
glycosuria is also illustrated.  Under these as under all other circum- 
stances, the tendency is for cauine diabetes to run a more rapid course 
than  human  diabetes.  For  this  reason  hydropic  degeneration  is 
always easier  to demonstrate in dogs, but may be assumed  to occur 604  EXPERIMENTAL  DIABETES.  I 
more slowly in human patients who show a similar but slower down- 
ward progress with hyperglycemia. 
The clinical and anatomic findings combine to support the view 
that the internal pancreatic function was here too deficient to sup- 
port life.  A  similar conclusion may be drawn from similar evidence 
in some of the worst human cases. 
One point worth mentioning is  that  diabetic dogs are not neces- 
sarily wretched and cachectic.  Especially those possessing a  max/- 
mum of pancreatic tissue, and best suited for therapeutic and some 
other  tests, may be  normal  appearing  and  also  comfortable  and 
happy.  The other point of importance is the degree to which the 
health and life of these animals is dependent on their diet.  These 
facts are shown more plainly by photographs (Figs. 1 to 12) than by 
any verbal description, and also the parallelism with the conditions 
of human patients is more clearly illustrated. 
CONCLUSIONS. 
1.  Practically every detail of clinical diabetes can be reproduced 
in partially depancreatized animals.  The resemblance is made still 
more exact by the susceptibility of such dogs to acidosis and coma, 
as will be sllown in later papers,  and also by the similarity of the 
anatomic changes in the islands of Langerhans.  These animals are 
therefore useful test objects for a therapeutic investigation. 
2.  These  animals  at  first  show  considerable  tendency to  regain 
assimilation, comparable to  that in the early stages of most human 
cases  of diabetes;  and in  some instances they recover so  as  to be 
able to endure any degree or duration of carbohydrate feeding and 
can be made diabetic only by removal of additional pancreatic tissue. 
Similar recovery in some human cases, especially after acute pancre- 
afitis, is a probability.  This recuperative tendency can be negatived 
by  overfeeding,  even  without  glycosuria.  With  duration  of  the 
diabetes the power of recuperation diminishes and practically disap- 
pears in dogs as in human patients. 
3.  In the absence of progressive pancreatitis or other extraneous 
causes,  these  dogs  show  no  inherent downward  tendency in  their 
assimilation~  This conclusion rests upon observations as long as 6 ]~REDERICK M. ALLEN  605 
years from the first pancreas operation and 3 years of known diabetes. 
This absence of inherent progressiveness is what should naturally be 
expected in animals with simple resection of part of an organ, and 
serves further to fit them for accurate feeding experiments. 
4.  Every detail of  the downward progress of human patients on 
various diets is reproduced in such animals.  They lose assimilation 
and die most rapidly on diets rich in carbohydrate, and less rapidly 
on excess of other foods.  The differences between sugar and starch, 
and between starch and protein, seem to be only those of degree and 
time rather than anything absolute.  The  important point is that, 
granting the absence of spontaneous downward tendencies as stated, 
all  the  different kinds  and  degrees  of  downward progress  in the 
r~cords of animals in this and the preceding paper are purely the 
results of overstrain of the internal pancreatic function by excess of 
food. 
5.  Varying degrees of success and failure it/the dietetic control of 
diabetes are also illustrated.  The benefit of the classical treatment 
by exclusion of preformed carbohydrate and limitation of protein is 
confirmed, in the prolongation of life and well-being to some extent in 
nearly all cases and perhaps indefinitely in some of the mildest cases. 
In the great majority of cases such a  therapeutic result is not per- 
manent, and downward progress is finally observed if the observations 
are continued long enough.  In most of these cases life, strength, and 
assimilation can be preserved for a much longer time by a degree of 
undernutrition suited tO  the  severity  of  the  diabetes,  and  accom- 
plished by limitation of fat in the diet.  The permanence of such con- 
trol is supported by the unimpaired or rising assimilation in experi- 
ments of 1 to 1¼ years duration, but still longer observations would 
be  desirable.  Diabetes  of  great  severity  is  controllable  only  by 
correspondingly radical  undernutrition.  In  still  more severe  cases 
glycosuria can be abolished only by a degree of undernutrition which 
entails final death from inanition.  In the most severe cases glyco- 
suria cannot be stopped, evidently because the assimilative power is 
too low to dispose of even the minimum supply of food materials; 
namely, that derived from the body stores in fasting. 
6.  A  claim of  saving every patient,  no matter how near  death, 
would be a preposterous one for any remedy in any disease, and the 606  IEXPERTM'Ie~I~TAL  DIABETES.  I 
animal experiments do not support such a  claim for diabetes.  Also 
it is unreasonable to expect the actual cure of an organic deficiency 
by diet, and the diet treatment in animals just as in patients generally 
represents the sparing rather than the restoration of the weakened 
function.  The basis of the belief in the inherently progressive tend- 
ency of severe cases of clinical diabetes is  shaken by the  exact repro- 
duction of such case histories by diet in animals which are free from 
spontaneous downward tendencies; but there is still lack of a su/ficient 
number  of  patients  treated  on  the  principle  of  relief  of  the  total 
metabolic burden to demonstrate the absence of such inherent pro- 
gressiveness in human diabetes.  As described elsewhere,  s the prin- 
ciple mentioned has given encouraging results in proportion as it has 
received  actual  application  in  practice.  The  clinical  problem  re- 
quires the same prolonged careful control of all  discoverable symp- 
toms as in  animals,  and cases too  severe for such control, or com- 
plicated with infections, violations of diet, etc., are on the same plan  e 
as  animals in which a  similar condition has been produced.  Some 
proportion of cases, especially in young persons, will be found suit- 
able  for  accurate determination of  the question  of whether all  or 
most cases of severe diabetes are inevitably progressive and hopeless, 
and the writer looks forward to publishing such a  series.  Irrespec- 
tive  of  the outcome, the raising  of this  question is  justified by its 
importance.  On  the  theoretical side,  it  involves  both  the general 
prognosis and the nature of the process underlying diabetes.  On the 
practical side, it is already established that diet is  at  least  the  chief 
cause of downward progress,  and  it  is  important  to  eliminate  this 
cause  by  avoiding  the  dietary  injuries  illustrated  in  the  animal 
experiments. 
s Allen, F. M., Stillman, E.,  and  Fitz,  R.,  Total  dietary regulation  in  the 
treatment of diabetes, Monograph of The  Rockefeller Institute  for  Medical 
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EXPLANATION  OF PLATES. 
PLATE 65. 
FIG.  1.  Dog B2-00.  The picture was taken while the animal was  diabetic in 
1917,  but  shows  approximately  the  condition  existing  during  the  6  years  of 
laboratory life and still maintained on the restricted protein-fat diet. 
FIG.  2.  The usual sturdy appearance  of Dog B2--01 at  her  ordinary weight 
between 13 and 14 kilos. 
FIG.  3.  Dog B2-01 in July,  1917, when fattened with suet  to  16.5 kilos and 
with hyperglycemia present. 
FIG.  4.  Dog B2-31  in  the  state  of moderate  undernutrition  which is  indi- 
cated by the distinctness of individual vertebrae along the back, and which was 
effective  in  abolishing  glycosuria  for  several  months.  The  dog  had  first 
become diabetic with ~ -  ~ of the pancreas through her gluttony for bread  and 
sugar.  Afterward, though undernutrition was maintained,  it was not thorough 
enough.  Diets of protein and fat were pushed too close to the verge of tolerance, 
raising the weight not to normal, but nevertheless higher than the assimilative 
power could carry.  The final result was hopeless diabetes. 
Fro. 5.  Dog B2-25  in  the  state  of emaciation which had  to be maintained 
for a number of months to control diabeteswith only ~  to ]1~ of the pancreas pres- 
ent.  At  this  weight  of  11  kilos  the  animal  remained  strong  and  lively,  and 
required restraint  to keep him quiet for photographing.  Through hypertrophy 
of the pancreas remnant it became possible gradually to raise the weight to 17 
kilos, or only 1 kilo below normal. 
PLATE 66. 
FIO.  6.  Dog B2-79;  control to Dog B2-56.  The pancreas  remnant  was  s  ~, 
and microscopically showed more inflammation than that of Dog B2-56.  The 
normal weight of 15 kilos was reduced to  11.7,  in which condition 200 to 300 
gin. of bread were requisite for glycosuria.  The animal is shown 8 months after 
operation, when a diet of 1 kilo of lung had raised the weight to 15.5 kilos, and 
glycosuria was accordingly present.  The dog was kept in good condition and 
subjected  to several  other  fluctuations  of weight  and  tolerance,  till  death  17 
months after operation. 
FIG.  7.  Dog B2-80 at a time when glycosuria had been brought on by fatten- 
ing to 18.2 kilos on a diet of beef lung and suet.  The animal was specially valu- 
able because of excellent digestion due to the large remnant  (¼ -  -~ of the  pan- 
creas) with which diabetes occurred.  The tolerance was high at weights as low 
as 13.2 kilos.  She was used for various observations during 9 months, and the 
persistent high fat feeding finally brought on not only glycosuria but fatal acido- 
sis.  The dog was as sleek and healthy looking as this when she went into typi- 
cal coma at a weight of 17.25 kilos.  Animals of this sort give the  closest repro- 
duction of clinical acidosis. 608  EXP~.I~llWENTAL DIABETES.  I 
FIG.  8.  Dog  C3-27  1  week  before  death  in  coma,  with  intense  glycosuria, 
acidosis, and lipemia present; the dog wags her tail, but she was already nause- 
ated  and  depressed,  and  the  dry  nose  is  a  further  sign  of ill  health.  The 
obesity maintained by the high fat diet is evident. 
FIG.  9.  Dog C3-56 in the closing period.  After the damage of high,fat diet, 
the animal was reduced by undernutrition to a feeble state; but though glycosuria 
was  abolished,  hyperglycemia was persistent  up  to death  from cachexia.  The 
similar weakness and deficiency of assimilation of certain human patients under 
similar conditions are well known. 
FIa.  10.  Dog C3-86 in moderate undernutrition.  The fluctuations of toler- 
ance in parallel with the weight were previously described. 9  The dog was vigor- 
ous and lively through 1~ years from the time of operation to death. 
Fio.  11.  Dog D4-28, 1¼ years after an operation which had left xt~ of the pan- 
creas.  The  normal weight  was  12  kilos.  After prolonged undemutrition,  the 
weight here had been gradually built up to 10.6 kilos.  The dog was observed 
for 1~ years after operation, and remained lively and symptom-free until death 
from urinary calculus.  One feature of the experiment was 50 gin. of bread in 
the regular ration,  showing that a dog with the marked degree of potential dia- 
betes represented by such a small pancreas remnant could by undernutrition be 
enabled  to  tolerate  such  a  quantity of carbohydrate for such a length of time 
without sign of injury. 
FzG. 12.  Dog D4-52  in Jan.,  1918, ½ year after the  operation which created 
mild diabetes.  The susceptibility to glycosuria and lowering of assimilation on 
carbohydrate diet were first demonstrated, and then observations were begun to 
test whether, with this mild degree of diabetes,  a liberal  carbohydrate-free diet 
(with restriction  of protein  to 500.gm.  of beef lung)  could be tolerated  indefi- 
nitely. 1° 
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